Abstract Factors associated with HIV-associated neurocognitive disorders (HAND) include CD4 + nadir and count, HIV RNA level, and HIV-1 subtype. Here, we investigated demographical and clinical markers with respect to HAND in a homogenous Chinese population. Individuals with HAND (global deficit score ≥0.5) had lower nadir (p<0.01) and CD4 + counts (p=0.03). HAND was also associated with AIDS (p<0.01), but subtype was not (p=0.198). Furthermore, worse impairment correlated with higher viral diversity (r=0.16, p<0.01), lower nadir (r=−0.17, p<0.01), and CD4 + counts (r=−0.11, p=0.01). These remained significant even when correcting for subtype. Our findings suggest that subtype does not have a major impact on HAND.
Introduction
HIV-1 can cause neurocognitive impairment in infected individuals, even among those taking effective antiretroviral therapy (ART) ). The underlying mechanisms by which HIV-associated neurocognitive disorder (HAND) develops are not fully understood, but HAND has been associated with infecting HIV-1 subtype, nadir and current CD4 + T cell count, diversity in HIV-1 proteins Env and Tat, and blood and cerebrospinal fluid (CSF) HIV RNA levels (Ellis et al. 2011; Kaul et al. 2001; Munoz-Moreno et al. 2008) .
A major challenge in understanding how HIV infection causes neurocognitive impairment is distinguishing the influence of HIV from the influence of factors in neurocognitive performance. Studies demonstrating an association of HIV-1 subtype with HAND have been performed in heterogeneous populations and therefore may not have accounted for the influence of host genetics (Munoz-Moreno et al. 2008) . When evaluating the influence of HIV-1 subtype on HAND, comparisons of study participants in the USA, where subtype B predominates, to individuals in India, where subtype C predominates, may be confounded by factors such as host genetics, endemic co-infections, education, risk factors, and other characteristics. The best approach to accounting for these factors may be to study a more homogeneous population in which more than one HIV-1 subtype co-circulates. For this reason, we evaluated the association of HIV-1 subtype (B, C, and B/C) with HAND in two ethnically similar populations in China. This study focused on two HIV-1 genes, Env and Tat, which are known to have neurotoxic properties (Albini et al. 1998; Kruman et al. 1998; Li et al. 2009 ).
Materials and methods

Study participants and specimens
The HIV Neurobehavioral Research Center (HNRC) at the University of California San Diego (UCSD) performed this study in collaboration with research groups in Anhui and Yunnan provinces, China. Blood-derived HIV-1 Env and Tat sequences as well as standardized, comprehensive neurocognitive (NC) evaluations with population-specific normative corrections were obtained from all participants.
HIV RNA extraction and sequencing HIV RNA was extracted from blood plasma using the QIAmp Viral RNA Mini Kit (Qiagen, Valencia, CA) and reverse transcription (RT)-PCR performed using Transcriptor Universal cDNA Master (Roche) according to the manufacturers' instructions. The RT-PCR used a single-step continuous RT-PCR method followed by a nested PCR amplification of either HIV-1 Tat exon 1 or the C2V3 region of Env. PCR products were purified using the QIAquick PCR Purification Kit (Qiagen), and population-based sequencing was performed on an ABI sequencer, as previously described ).
Neuropsychological assessments
Study participants underwent a detailed NC assessment that has been used in several international studies and is similar to one used in the USA , as previously described (Cysique et al. 2010; Gupta et al. 2014; Heaton et al. 2008) . The tests were validated in Mandarin-speaking individuals within each province, using population-specific norms corrected for age, education, and sex. The global deficit score (GDS) was calculated as described . Participants with a GDS <0.5 were classified as Bnot impaired,^whereas those with GDS ≥0.5 were classified as Bimpaired.Ŝ equence analysis Sequences were aligned using Clustal X contained within the Bioedit software suite (Larkin et al. 2007; Thompson et al. 1994) . Mixed bases in both sequences were counted to determine a mixed base index (MBI) and were resolved manually based on electropherograms (highest peak). To determine HIV-1 subtype classification, inter-subtype recombination, Shannon entropy, and N-glycosylation sites, we used the tools Recombinant Identification Program (RIP) 3.0 and Treemaker, 
Statistical analysis
We evaluated HIV-1 subtype, MBI, and clinical and demographic variables in the context of HAND using fixed-effects regression analyses. GDS was used as both a continuous and dichotomous variable. After identifying key predictors of HAND, we performed multivariate analyses and corrected for subtype in order to determine possible interaction effects. Longitudinal data were analyzed using a linear mixed-effects model adjusting for repeated measures. In the multivariate models, predictors of HAND were selected by step-wise regression, eliminating each predictor or interaction effect that was not significant as part of the model.
Results
Study cohort and characteristics
NC assessment was performed on 308 HIV-infected subjects in Anhui and Yunnan, China (n=124 and 184, respectively). Each patient had up to five repeat visits (n=1117 total visits). For each subject, infection duration and time since initial diagnosis were reported. Infection duration was estimated to be the time since an identified exposure point. Initial HIV diagnosis refers to the time since an identified exposure point to the virus. Of these participants, 226 (73.4 %) exhibited NC impairment, and 82 (26.6 %) had a GDS consistent with HAND. Based on Env and Tat sequence analyses, 111 participants were infected with subtype B (all from Anhui), 75 with subtype B/C (13 from Anhui, 62 from Yunnan), and 122 with subtype C (all from Yunnan). Most of the subjects were men (64.6 %), and the median age of the study population was 36 years. At baseline, the median CD4 + T cell count was 392 cells/μL, the median nadir CD4 + count was 260 cells/ μL, and the median HIV-1 RNA level was 3.9 log 10 copies/mL. Most participants (76 %) had a detectable viral load and were co-infected with hepatitis C (HCV, 91 %), with a majority (63 %) not receiving ART (Table 1) .
HIV subtype associations with HAND
Impaired and not impaired groups did not differ in sex, age, education, HIV RNA levels, or initial HIV diagnosis at baseline (Table 1) . HIV-1 subtypes were not associated with prevalence of HAND (Fisher's exact test, p=0.198). However, HAND was associated with AIDS (57 vs. 37 %, p=0.002), ART status (48 vs. 33 %, p=0.02), viral diversity (0.1744 vs. 0.1742 bases/unit length, p=0.05), and lower nadir (265.3 vs. 345.3 cells/μL, p=0.001) and current CD4 + cell count (390.5 vs. 445.4 cells/μL, p=0.034) ( Table 1) . Analyzing GDS as a continuous variable, worse NC performance correlated with greater viral diversity (r=0.16, p=0.005), longer time since initial HIV diagnosis (r=0.10, p=0.06), and lower CD4 + nadir (r=−0.17, p=0.003) and current CD4 + counts (r=−0.11, p= 0.01) at baseline (Fig. 1) .
When stratifying analyses by geographical region, greater viral diversity (r=0.22, p=0.004) and lower CD4 + nadir (r= −0.195, p=0.008) remained associated with worse NC performance in Yunnan. In this sub-analysis of a larger, previously published analysis, no clinical variables were associated with NC performance in Anhui (Heaton et al. 2008) .
In our multivariate analyses by step-wise regression including all variables, we found that higher MBI (p=0.01), lower CD4 + nadir (p=0.02), and HCV (p=0.02) status were predictors of HAND when correcting for geographical region. HIV-1 status was not a significant predictor for HAND. Furthermore, in a sub-analysis including all visits from all participants, higher viral diversity (MBI, p=0.0001) and ART status (p=0.02) were significantly correlated to lower GDS scores, while CD4 + nadir became not significant. CD4 + nadir, initial diagnosis, and estimated duration of infection exhibited a significant interaction effect (p<0.01) as well as including MBI (p<0.01) in the interaction effect.
Discussion
Multiple factors have been associated with HAND in adults infected with HIV-1 B and non-B subtype infections, and infecting subtypes have been implicated in both the frequency and the severity of HAND (de Almeida et al. 2013) . Studies of HIV-1 subtype, however, often evaluated non-homogeneous populations, usually from different countries, an approach that may have introduced confounding factors due to the many inherent differences between such populations.
Our neuropsychological assessments were normed on the basis of large HIV-uninfected control groups from each province and with the same risk factors (former plasma donors in Anhui and injection drug users in Yunnan). Among HIVinfected subjects, we did observe those with AIDS were more likely to be impaired than those without AIDS, using data from the HIV-uninfected population to generate regionspecific normative data. Impairment rates did vary slightly by HIV-1 subtype, with subtypes B being slightly more impaired than the C and B/C groups (31.8, 23.9, and 25.3 %, respectively), but unlike other studies comparing subtype and impairment, the differences in HAND prevalence between the different subtypes circulating in these Chinese cohorts were not statistically significant. Furthermore, the observed impairment level in the population (26.6 %) was considerably lower than in other studies (40 to 60 %) (de Almeida et al. 2013; Gupta et al. 2007; Yepthomi et al. 2006) .
Our study identified key, previously reported biomarkers that have been associated with HAND, including CD4 + T cell count, CD4 + nadir, and viral diversity (Ellis et al. 2011; Hightower et al. 2012) . Two of these, nadir CD4 + T cell count and viral diversity, remained significantly correlated to GDS, even when correcting for subtype. This means that the HIV-1 infecting subtype likely did not play a significant role in the biological determination of impairment in these relatively homogeneous populations.
In conclusion, HIV-1-infecting subtype was not associated with different rates of HAND in an ethnically homogeneous Chinese population with multiple circulating HIV-1 subtypes. Our findings support a previously published report, which demonstrated that previous AIDS diagnoses, lower CD4 + count, lower CD4 + nadir, and higher viral diversity were significantly associated with worse neurocognitive impairment (Hightower et al. 2012) . These findings indicate that advanced HIV infection and progression to AIDS have a higher impact on neurocognitive function than HIV-1-infecting subtype.
